Abstract Protaetia brevitarsis Lewis (P. brevitarsis) larvae, edible insect, traditionally is consumed for various health benefits. However, little information is available with respect to its direct anti-obesity effects. Thus, the present study was designed to investigate the regulatory effect of P. brevitarsis against high-fat diet (HFD)-induced obese mice. HFD-fed mice showed an increase in the body weight and serum levels of total cholesterol as well as lowdensity lipoprotein-cholesterol, and triglycerides. The administration of P. brevitarsis to obese mice induced a reduction in their body weight, lipid accumulation in liver and serum lipid parameter compared with the HFD fed mice. P. brevitarsis also inhibited the expression of obesity-related genes such as CCAAT/enhancer-binding protein alpha and fatty acid synthesis in 3T3-L1 cells. Moreover, oleic acid was identified as predominant fatty acid of P. brevitarsis by gas chromatography analysis.
Introduction
Obesity is a serious health problem in our society and a main cause of metabolic diseases, such as hyperlipidemia, diabetes, fatty liver, atherosclerosis and cancer (Berg and Scherer, 2005; Haslam and James, 2005) . Therefore, controlling obesity is an important factor for maintaining a healthy life. In recent decades, several anti-obesity drugs have been withdrawn because of various side effects (Adan et al., 2008; Kennett and Clifton, 2010) . Generally, monoamine-reuptake inhibitor (Sibutramine) and lipase inhibitor (orlistat) are used for obesity therapy but use of these drugs has been limited owing to their side effects including high blood pressure, insomnia and heart attack (Buyukhatipoglu, 2008; Padwal and Majumdar, 2007; Thurairajah et al., 2005) . Consequently, development of new anti-obesity drugs through natural sources has been increasing and these agents are being used not only as medicines but also as food supplements (Fu et al., 2016) .
Adipogenesis is the cellular differentiation process that transforms pre-adipocytes into mature adipocytes. This process is regulated by several transcription factors including CCAAT/enhancer-binding protein alpha (C/ EBPa) and peroxisome proliferator-activated receptor gamma (PPARc). Additionally, lipogenic related enzymes such as fatty acid synthase (FAS) and lipoprotein lipase (LPL) play important roles in lipid accumulation (Farmer, 2006; Ho et al., 2013) . It was reported that increase levels of lipogenic genes enhance adipogenesis and obesity (Ranganathan et al., 2006; Yim et al., 2011) .
Many species of insects are widely consumed, as they are a healthy nutritious source with protein, high fat and micronutrients (Van Huis, 2016) . Additionally, insects are used in traditional medicine including anemia, inflammation, hypertension and asthma (Van Itterbeeck and Van Huis, 2012) . Thus, there is an increasing interest in edible insects as an alternative source of nutrients and various bioprospecting aspects. However, the exact pharmaceutical effect of insects as functional foods is still not well understood. Protaetia brevitarsis Lewis (P. brevitarsis) is a species of Coleoptera, and the larvae stage has been used as a traditional medicine including cancer, inflammatory disease and liver-related diseases (Kang et al., 2012; Yoo et al., 2007) . Although P. brevitarsis demonstrated various biological activities, the anti-obesity effect of P. brevitarsis has not been well understood. Therefore, we were interested in determining whether P. brevitarsis has the antiobesity activity and chose the high fet diet (HFD)-induced obese mice model as the subject for this study. This model resembles human obesity and it is used for pharmacological analysis of effective anti-obesity agents (Aoki et al., 2007; Levin et al., 1997) .
To provide experimental evidence that P. brevitarsis might be a useful therapeutic drug for patients with obesity, the effects of P. brevitarsis on body weight change, serum lipid parameters and hepatic steatosis were evaluated in HFD-fed obese mice. Additionally, the constituent of fatty acid in P. brevitarsis was investigated by gas chromatograph (GC) analysis.
Materials and methods

Sample preparation
Protaetia brevitarsis (the 6-weeks old) were supplied by Iruda 21 Coporation (Chungdo, Republic of Korea). P. brevitarsis were freeze-dried, ground using a mill. The ground powder (50 g) was subjected to extraction with 100 mL of 70% ethanol using sonication at room temperature. The extract was filtered and concentrated using a vacuum evaporator. The extracts were freeze-dried and stored at -70°C. The yield of extracts was 16.2%.
1,1-diphenyl-2-picrylhydrazyl (DPPH) assay
The antioxidant acivity of P. brevitarsis was measured using DPPH (Sigma-Aldrich, MO, USA) radical scavenging assay. Briefly, 1.0 mL of DPPH solution (0.1 mM) was added to each sample test tube and was shaken gently.
Mixture stands for 30 min and absorbance was taken at 517 nm using spectrophotometer. The percentage of scavenging activity against DPPH radical was calculated according to the following formula:
where A a was the absorbance of the control (blank, without sample) and A b was the absorbance of the sample.
2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) assay
To test antioxidant activity, the ABTS (Sigma-Aldrich, MO, USA) radical scavenging assay was performed. ABTS radical solution was generated by reacting 7 mM ABTS with 2.5 mM potassium persulfate in the dark for 20 h (absorbance = 0.700 ± 0.005). A various concentration of P. brevitarsis extracts were reacted with equal volume of the ABTS solution and the absorbance was recorded at 734 nm using the spectrophotometer (Neogen, Daejeon, Korea).
Animal experiments
Male C57BL/6J mice (4 weeks old) were obtained from the Daehan Biolink Co. (Eumsung, Korea) and housed 5-10 per cage in laminar air flow room maintained at 22 ± 1°C and relative humidity of 55 ± 10%. During acclimation, the mice were given normal chow along with water ad libitum. To induce obesity, the mice then were fed a HFD consisting of 60% fat (Rodent diet D12492; Research diet, New Brunswick, NJ, USA). Normal group were fed a commercial standard chow diet (CJ Feed Co., Seoul, Korea).The mice were randomly assigned to five groups (n = 7/group) as follows; (1) Normal diet (ND); (2) High-fat diet (HFD); (3) HFD plus P. brevitarsis (100 mg/ kg/day); (4) HFD plus P. brevitarsis (200 mg/kg/day); (5) HFD plus EGCG (50 mg/kg/day), respectively for 7 weeks. P. brevitarsis and EGCG were dissolved in normal saline and administrated orally to the mice once a day. Body weight and food intake were measured once per week. All of the animal experiment and animal care was conducted with the approval from the Animal Care and Use Committee of Daegu Hanny University.
Serum assays
Blood samples of overnight fasted mice were collected and serum was separated by centrifugation at 40009g for 20 min at 4°C. The serum biochemical concentrations of total cholesterol (TG), LDL cholesterol (LDL-C), triglycerides (TC), aspartate aminotransferase (AST), and alanine aminotransferase (ALT) were determined by the Seoul Medical Science Institute (Seoul Clinical Laboratories, Seoul, Korea).
Histological analysis
The liver tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, and sectioned at 5 lm. For histopathological analysis, the sections were placed in xylenes and rehydrated through serial alcohol gradients (100%, 95%, 90%, 80%, 70%, and 50%, 2 min each) and stained with Hematoxylin and Eosin (H&E). For histological analyses of the tissue morphology, samples were examined under a light microscope (IX71; Olympus, Japan).
Cell culture and adipocyte differentiation 3T3-L1 pre-adipocytes were cultured and differentiated into adipocytes in plate. Briefly, cells were cultured until confluence, as described above. Two days after confluence (day 0), cells were differentiated by inducers (0.5 mM IBMX, 1 lM Dex, 1 lg/mL insulin in DMEM with 10% FBS, MDI). After 48 h (day 2), the cells were incubated with DMEM containing 10% FBS, 1 lg/mL insulin, and various concentrations of P. brevitarsis were added along with the medium. From day 4 to day 6, the medium (consisted of DMEM with 10% FBS and 1 lg/mL insulin) was changed.
RNA extraction and real-time PCR
Total RNA was isolated from 3T3-L1 cells by using a Gene AllR RiboEx Total RNA extraction kit (Gene All Biotechnology, Seoul, Korea). Total RNA was used as a template for first-strand cDNA synthesis performed using a Power cDNA Synthesis Kit (iNtRON Biotechnology, Seoul, Korea) according to the manufacturer's instructions. PCR products were measured with a StepOnePlus Realtime RT-PCR System (Applied Biosystems, Foster City, CA, USA), and the relative gene expression was calculated based on the comparative CT method using StepOne Software v2.1 (Applied Biosystems, Foster City, CA, USA).
Fatty acid methylation
The freeze-dried samples (30 g powder) of P. brevitarsis were extracted with 100 mL of 100% n-hexane at room temperature. After filtration, the n-hexane extract was evaporated under reduced pressure to obtain lipids (3.2 g).The extracted P. brevitarsis lipids were used for fatty acid analysis. The total lipids (25 mg) were mixed with 0.5 N NaOH in methanol and flushed with a stream of nitrogen gas, which was capped and votrexed. The mixtures were heated at 100°C for 5 min. The mixtures were left at room temperature, 2 mL of the 14% boron trifluoride in methanol (BF 3 /MeOH) were added to each vial, which was tightly capped, the vial was carefully vortexed for 1 min, and placed in Heating/Stirring Module at 100°C for 30 min. After derivatization, samples were allowed to cool to room temperature. Then, 5 mL of saturated NaCl solution was added to each reaction vial; the vial was vortexed for 30 s. Then, fatty acid methyl esters (FAMEs) were extracted with 1 mL of isooctane. The isooctane layers were combined in a test tube.
Gas chromatography (GC)-FID analysis
The analysis of the fatty acid methyl esters(FAMEs) was carried out on a Shimadzu GC 2010 GC (Shimadzu, Japan) equipped with a SP-2560 capillary column (100 m 9 0.25 mm, Sigma-Aldrich, MO, USA). The carrier gas was N 2 with a flow rate of 0.75 mL/min. Injector and detector and detector temperatures were set at 225°C and 285°C, respectively. The GC oven temperatures was held at 100°C for 4 min, increased at a rate of 3°C/min to 240°C, and held at 240°C for 20 min. The fatty acid compounds were identified and quantificated by comparing with the retention times and concentrations of with those of the standards under the same conditions.
Statistical analysis
The data were expressed as the mean ± standard deviation (SD) of independent experiments, and statistical analyses were conducted using a one-way analysis of variance with Tukey, and a Duncan post hoc test to express the difference between groups. All statistical analyses were processed using the SPSS version 11.0. Values with P \ 0.05 were considered statistically significant.
Results and discussion
Effect of P. brevitarsis on body weight and food efficiency ratio in HFD-fed obese mice A HFD induces a variety of metabolic disorders related to the progression of obesity and also influences the serum levels of several biochemicals such as TC, TG and LDL-C (Zhang and Yang, 2016) . Therefore, the effects of P. brevitarsis on the HFD-induced body weight change were evaluated. As shown in Fig. 1(A) , all groups had similar body weight at the beginning of this experiment and the final body weight in HFD-fed mice was increased compared with those in ND-fed mice, whereas P. brevitarsis (100 or 200 mg/kg) administration significantly inhibited the HFD-induced weight gain in a dose-dependent manner. In this study, EGCG was used as a positive control. These results suggested that P. brevitarsis could be an effective agent to provide an anti-obesity activity. Additionally, the effect of P. brevitarsis on food intake and the food efficiency ratio was also evaluated. Although there were no significant differences in food intake among HFDfed mice with or without P. brevitarsis, the food efficiency ratio was significantly attenuated in P. brevitarsis group compared with the HFD group (Fig. 1B, C) . This result suggested that weight loss effect of P. brevitarsis was not mediated by a reduction of food intake.
Effect of P. brevitarsis on serum levels of lipid parameters and organ weight in HFD-fed obese mice
It is well known that dyslipidemia is associated with obesity (Denke, 2001) . Therefore, serum biochemical analysis was performed to determine whether P. brevitarsis regulates HFD-induced lipid parameters in the serum. As shown in Fig. 2(A) , a HFD induced significant increase in TG, TC, and LDL-C, but P. brevitarsis supplementation significantly attenuated these increased TG, TC, and LDL-C levels (P \ 0.05). Additionally, we investigated the effect of P. brevitarsis on organ and fat weight. The weights of the liver, epididymal, subcutaneous fat and spleen in the HFD group were higher compared with the ND group and these increased tissue weights were significantly decreased in mice fed the P. brevitarsis. However, there were no significant differences in spleen weight among HFD-fed mice with or without P. brevitarsis (Fig. 2B) . These results demonstrated the potential effect of P. brevitarsis on anti-obesity activity via regulation of serum lipid levels and fat accumulation in adipose tissue.
Effect of P. brevitarsis on fat accumulation in the liver in HFD-fed obese mice
Hepatic steatosis is associated with the pathogenesis of obesity (Erickson, 2009; Silverman et al., 1990) . In this study, we evaluated the effect of P. brevitarsis on HFD- induced fat accumulation in liver. As depicted in Fig. 3(A) , representative liver sections of the HFD group showed enlarged vacuoles, suggesting hepatic lipid deposition, compared with the ND fed mice, but this phenomenon was decreased in the P. brevitarsis group compared with the HFD group. As ALT and AST levels are commonly measured to determine liver health, the serum AST and ALT levels were also evaluated. We observed that the AST and ALT activity levels in the HFD groups was significantly increased compared with the ND groups, but was significantly decreased in the P. brevitarsis group compared with the HFD group (Fig. 3B) . Consequently, these results indicated that the HFD triggered hepatic steatosis, whereas P. brevitarsis significantly suppressed this effect. This result suggested the possibility of P. brevitarsis for treatment as a valuable lipid source and providing a scientific evidence for further utilization of insects.
Effect of P. brevitarsis on radical scavenging activities and hepatic antioxidant enzyme in HFDfed obese mice It was reported that obesity is responsible for the generation of systemic oxidative stress, and produces reactive oxygen species. Furthermore, the activity of antioxidant enzymes was found to be diminished in obesity (Fernán-dez-Sánchez et al., 2011; Newsholme et al., 2016) . These results indicated that oxidative stress may be target for prevention of obesity. To investigate the antioxidant effect of P. brevitarsis, DPPH radical scavenging test was conducted. The DPPH scavenging activities of P. brevitarsis were measured at various concentrations (0.01-2.00 mg/ mL). The results showed that the scavenging activities were increased significantly with the increased concentrations of P. brevitarsis: the scavenging activities of the P. brevitarsis were determined to be 55.3%, 40.2%, 10.2% and 5.2% for 0.01, 0.10, 1.00 and 2.00 mg/mL, respectively (Fig. 4A) . Ascorbic acid (AA) was used as a positive control. The ABTS assay also was used to evaluate the antioxidant activity of P. brevitarsis. The ABTS radical scavenging effects of the P. brevitarsis were found to be 4.13%, 9.8%, 43.5% and 54.8% for 0.01, 0.10, 1.00 and 2.00 mg/mL, respectively (Fig. 4B) . These results showed that P. brevitarsis could be an anti-oxidant rich source for human consumption.
Elevated level of reactive oxygen species (ROS) is associated with obesity and obesity-related metabolic diseases. Especially, oxidative stress associated with consumption of HFD results from overwhelmed antioxidant enzymes such as superoxide dismutase, glutathione peroxidase (GPx) and catalase (CAT). Numerous reports have demonstrated that antioxidants may be a regulator of obesity (Bharathi et al., 2018; Gentile et al., 2018 ). In our current study, we investigated the effect of P. brevitarsis the antioxidant enzymes status in the liver of HFD-fed mice. As shown in Fig. 4(C, D) , the hepatic content of CAT and GPx in the liver of HFD-fed mice decreased when compared to ND group and this decrease was significantly reversed by administration of P. brevitarsis. These results of present study indicated that P. brevitarsis could be a strong therapeutic alternative for the prevention and treatment of HFD-induced oxidative stress. Effect of P. brevitarsis on adipogenesis-related genes expression and qualitative analysis of P. brevitarsis by GC analysis
The 3T3-L1 murine pre-adipocyte cell line has been commonly used as an in vitro model system to investigate the molecular mechanism of adipogenesis. It was reported that materials with anti-obesity activity suppressed the adipocyte differentiation through the regulation of specific genes including PPARc, C/EBPa, aP2, and FAS in 3T3-L1 cells (Denke, 2001) . Recently, the anti-obesity activity and mechanism of edible insects have been investigated. For example, Allomyrinal dichotoma larvae reduce food intake and body weight via the regulation of adipogenesis-related genes (Chung et al., 2006) . Tenebrio molitor Larvae inhibit adipogenesis through the suppression of PPARc and C/EBPa expression in 3T3-L1 cell (Seo et al., 2017) . In this study, we investigated whether P. brevitarsis can inhibit adipocyte differentiation through the suppression of related transcription factors. As a result, P. brevitarsis treatment resulted in reduced expression of C/EBPa mRNA levels in 3T3-L1 cells. We also observed that 3T3-L1 cells treated with P. brevitarsis showed a decreased mRNA expression of several adipogenesis-related genes including aP2 and FAS (Fig. 5A) . These results demonstrated that the antiobesity activity of P. brevitarsis is attributable to the regulation of adipogenesis-related genes expression.
Previous other study reported that P. brevitarsis larvae contained the crude protein (54.25%), crude fat (26.70%), carbohydrate (10.61%), crude ash (4.45%) and moisture GAPDH was used as internal controls. Data are expressed as mean ± S.D. Where P \ 0.05 was considered a statistically significant difference from the differentiated control. (B) The retention time of oleic acid (Sigma-Aldrich, MO, USA) and fatty acid of P. brevitarsis was specified for the comparison (3.99%) (Yeo et al., 2013) . To elucidate the fatty acid profile of P. brevitarsis, GC analysis was conducted. The fatty acid content for P. brevitarsis was presented in Table 1 . The results showed that the 14 fatty acids from P. brevitarsis were identified and characteristic of fatty acid composition was the high proportion of unsaturated fatty acids (82.4% of total fatty acids) versus saturated fatty acids (17.6% of total fatty acids). Oleic acid was reported to be the primary fatty acid in various edible insects (Yang et al., 2014) . In present study, we confirmed the predominant fatty acid was oleic acid (C 18:1 , 62.7% of total fatty acids). It was reported that the high oleic acid diet has antiobesity activity via increase of oxidation and energy expenditure (Kien and Bunn, 2008; Liu et al., 2016) . Figure 5(B) shows the detection of oleic acid in fatty acid of P. brevitarsis by GC. Therefore, oleic acid of P. brevitarsis may be beneficial agent for treating and preventing obesity.
In conclusion, this study suggested that P. brevitarsis can regulate the obesity in vivo including body weight gain, serum lipid levels, epididymal and peritoneal fat, and hepatic steatosis induced by a HFD. Additionally, we demonstrated that the anti-obesity activity of P. brevitarsis could be attributed, at least in part, to the inhibition of obesity-related gene expression. These results provide experimental evidence showing that P. brevitarsis might have potential as a new strategy to treat obesity and obesity-related metabolic diseases. 
